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For two main reasons scientific workers have studied the fate of 
arsphenamine and of its various derivatives after parenteral introduc- 
tion into the body.  It is important to know the extent to which the 
drug is capable of penetrating into the various tissues and the duration 
of its retention if we are to form any opinion on the  degree of its 
toxicity and its power of reaching parasites in  remote  places.  Of 
equal importance, though of more theoretical nature, is the knowledge 
of what kinds of cells are concerned with the storage of  the chemo- 
therapeutic agent and what physical and chemical changes the drug 
undergoes in the body.  These questions must be answered before one 
can hope to throw any light on the mechanism of the chemotherapeutic 
effect. 
A brief review of the more recent literature shows that arsenicals of the axseno- 
benzene  type upon intravenous  injection  leave the blood stream  largely within 
a  few minutes to be taken  up  subsequently--in  decreasing  order  of  amount-- 
by  the  liver,  spleen,  lungs,  bone  marrow,  kidneys,  brain  and  sceletal  muscles 
(Voegtlin and Thompson  (1),  Kolls  and Youmans  (2),  Clausen  and Jeans  (3), 
Minor (4), Bulmer (g), Wechselmann, Lockemann and Ulrich (6)).  The excretion 
of the drug with the feces and urine apparently sets in very rapidly (2 to 5 minutes 
after the injection)  and continues for the following 24 to 48 hours,  (Beeson and 
Albrecht (7),  Clausen and Jeans, Underhill and Davis (8))  after which time the 
process  of elimination  is  practically  completed.  According to  several  authors 
traces of arsenic may be detected in the excreta up to much later periods and at 
the end of 48 hours more than 500-/0 of the injected dose is said to remain quantita- 
tively unaccounted for.  As a matter of fact, Voegtlin and Thompson established a 
definite  relation  between  the  velocity  of  excretion  and  the  chemotherapeutic 
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efficiency,  which indicated  to them that  "temporary retention of the arsenic is 
unquestionably an essential requirement for good chemotherapeutic action." 
Dale (9) has presented an impressive array of facts which would seem to throw 
some doubt on the validity of the earlier conception of t~hrlich  according to which 
the chemotherapeutic effect of a  given substance is determined by the relation 
between parasitotropism and organotropism--a strong affinity for the protoplasm 
of the parasite and a weak affinity for that of the cells of the host being highly 
essential  for  good  chemotherapeutic  action.  The  difficulties  encountered  in 
proving by chemical means  a  differential  affinity  for parasite  and  tissue  cells 
together with other reasons have since induced an increasing number of investi- 
gators to regard some participation of the host as indispensable to the accomplish- 
ment  of the  chemotherapeutic  effect.  More serious  objections  to  the  Ehrlich 
axiom arose from the fact that removal of the spleen or blockade of the reticulo- 
endothelial system resulted in a marked impairment or, in some cases,  complete 
abolition  of  the  chemotherapeutic  action  of  arsphenamine  and  other  chemo- 
therapeutic  agents  (Kritschewski  and  Meersohn  (10),  Feldt  and  Schott  (11), 
Jungeblut (12)).  The intervention of a specialized system of ceils was thus, for the 
first time, proved to be irt4ispensable for the accomplishment of the full chemo- 
therapeutic effect.  More significance was lent to these empirical findings, when 
v. Jancso (13)  and Imenez de Asua and Kuhn (14)  succeeded, independently, in 
demonstrating  by  special  histiochemical  staining  methods  the  actual  presence 
of the drug in the histiocytes of the liver and in other cells belonging to the reticulo- 
endothelial system. 
In attempting to explain the deleterious effect of blockade or splenectomy on 
the  chemotherapeutic  efficiency of arsphenamine,  different interpretations  were 
offered.  There are of course those who believe that the destruction of the parasite 
by the drug is due to the combined action of chemical agencies and immune bodies 
(Kolle and others).  Extremists deny any interaction between parasite and drug 
and attribute the sterilization effect solely to enhanced cellular activity (Feldt). 
Among other factors we (Jungeblut) discussed particularly the possibility that the 
transformation of the compomad inactive in vitro into the highly parasiticldal drug 
in  vivo  may take  place in  the  reticulo-endothelial  cells.  It  seems  to us,  that 
evidence since produced, would not tend to corroborate this hypothesis, at least 
not in its original simple form, and we are now inclined to maintain a viewpoint, 
which approaches the opinion of Kritschewski (15), voiced after revision of his first 
attempt of explanation.  We believe that rapid initial storage and gradual sub- 
sequent release of arsphenamine is an indispensable prerequisite if the drug is to 
display an optimum chemotherapeutic effect in the body.  It is highly probable 
that a  similar mechanism comes into play with other drugs, such as Bayer 205 
(Germanin) and quinine (Sei (16), Roehl (17), Freund (18), Mayer and Zeiss (19), 
Giemsa  (20),  and Tchapkewitch  (21)).  Whether the r61e of the reticulo-endo- 
thelial system during this phase is simply one of providing a depot and store for 
the chemotherapeutic agent, or whether important chemical changes are mediated 
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second possibility  is concerned.  The first  question,  however, is readily  open to 
direct experimentation. 
The present paper deals with an attempt to determine by quantita- 
tive chemical analysis the rate of disappearance of neoarsphenamine 
from the circulation after intravenous injection in blocked and normal 
animals and to  compare the arsenic content of the liver  and spleen 
within the two groups. 
EXPERIMENTAL WORK 
In order to secure more complete information,  the work was planned to include 
observations  with three different species of animals, i.e. guinea pigs, rabbits,  and 
mice.  Guinea pigs and rabbits were used for measurements  of arsphenamine  in 
the blood, while determinations  of the arsenic content of the liver and spleen were 
carried  out with mice.  The method of blockade followed closely the procedure 
employed in former experiments.  Inasmuch as the Abelin reaction  (22) has been 
found reliable by previous  workers, we have used this test in quantitative form 
for  the  determination  of neoarsphenamine  in  samples  of  blood.  The  arsenic 
determinations in the tissues were carried out with the Gutzeit method, as modified 
by Sanger and Black  (23).  The results  obtained with the three different  series 
are reported under separate headings as follows: 
Series I.--A total of sixteen guinea pigs weighing from 300 to 400 grams were 
used.  Eight  of  these  were  normal  controls,  the  rema~nlng eight  received  by 
intravenous  injection  1.5  cc. of a  1:5 dilution  of India ink.  All animals  were 
injected  intravenously  with  1 cc.  of a  1:70  dilution  of neoarsphenamine,  the 
interval between blocking injection and injection of the drug being approximately 
24 hours.  One half of the animals  were bled  to death five minutes  after  the 
injection of neoarsphenamine,  the other half at the end of twenty minutes.  The 
blood was allowed to clot and 1 cc. of clear serum was used from each animal as 
sample  in carrying out the AbeHn test.  We followed the original  method de- 
scribed by Abelin and obtained rather sharp and well defined colour reactions for a 
range of neoarsphenamine  dilutions varying from 1 : 1000 to  1 :  50,000.  Although 
the reaction as originally described by Abelin was only a qualitative  test,  it may 
be used for quantitative determination  with a fair degree of accuracy by comparing 
the colour shades obtained with the test material  with those of a freshly prepared 
scale of neoarsphenamine solutions of known concentrations.  The results obtained 
in this series appear in Table I. 
In  spite  of  individual variations  from  animal  to  animal,  which 
undoubtedly depend to a  large extent upon the varying total blood 
supply, the figures show very clearly a much slower absorption of neo- 
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with normal controls.  Taking the average as a basis of comparison 
it would appear that the ratio is approximately 1:2.  Assuming the 
average total volume of plasma of these guinea pigs to be about 7 cc., 
the figures mean that  five minutes after the  injection the blocked 
animal still retains in the blood about one half of the total  dose of 
neoarsphenamine injected while the concentration of the drug in the 
blood of the normal animal is  only one fourth.  After  the  twenty 
TABLE  I 
Determinations  of Neoarsphenamine  in  tke  Blood  of Blocked  and  Normal 
Guinea Pigs* 
(Abelin Test) 
Blocked** 
Guinea Pigs 
Itttervzl *** 
5 mitt.  20  rain. 
~g. of Area per l co. of serum 
Normal 
Guinea Pigs 
Interval*** 
.47 
1.0 
.31 
.72 
1.18 
1.3 
.40 
1.2 
9 
10 
it 
12 
13 
14 
15 
16 
5mitt.  [  20min. 
rag. of Nea per I co. of serum 
.59 
.39 
.36 
.33 
.40 
.20 
.80 
.58 
Average  ....  1.02  .63  Average.  .54  .38 
* All animals received intravenously 1 cc. of a  1 : 70 dilution of neoarsphenamine. 
Total dose injected:  14.28 rag. Neo. 
** These animals received intravenously 1.5 cc. of a  i :5 dilution of India ink 24 
hours before injection of the drug. 
*** Time elapsed between injection of the drug and obtMning of sample. 
minute interval the figures are reduced to approximately one fourth 
of the total dose for the blocked animal against one eighth  for the 
controls.  Those figures are of course not absolute values, the object 
of the experiment lying chiefly in  the relative comparison between 
experimental and control animals.  It will also have to  be  remem- 
bered, that the Abelin reaction is no  test for arsenic, but indicates 
merely the presence of the unchanged drug,  i.e.  the whole  organic 
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In  order  to  supplement  the  data  obtained  in  the  first  series  with 
information  regarding  the rate  of absorption  during  longer periods  of 
time in  the  same  animal,  we have  followed  the  disappearance  of the 
drug from the circulation  of rabbits in a  second  series of experiments. 
Series IL--A total of four rabbits, two of them blocked by a  preceding intra- 
venous  injection  of India  ink  (5  cc.  of a  1:5  dilution),  two  serving  as  normal 
b 
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"~  .0"/ 
~  1)6 
n  114 
.0~ 
.18 
.l'r : 
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GRAPH 1.  Elimination  of  neoarsphenamine  from  the  blood  of  blocked  and 
normal  rabbits.  Total  dose  injected:  30  mg.  neoarsphenamine. 
Blocked  animal  (combined  results  of  two  different  tests).  -  ..........  Normal 
animal (combined results of two different tests). 
controls,  received  each  3  cc.  of  a  1:100  dilution  of  neoarsphenamine  into  the 
ear vein.  Blood samples (5 ce.) were obtained by heart puncture from each rabbit 
at various intervals, covering periods of from twenty minutes up to 24 hours since 
the  injection  of the  drug.  The Abelin  test  was carried  out  with  1 cc. of clear 
serum from each sample as described before. 
Graph  1 shows the different curves of elimination.  Although  the 
differences between blocked animals  and controls are not as marked 
as in series I,  they show a  distinctly slower elimination  of the drug 10  RETICULO-ENDOTHELIAL  SYSTEM IN T  MMUNITY.  VI 
from the circulation  of the blocked rabbit.  Our observations in  nor- 
mal guinea pigs and rabbits show otherwise a  somewhat more abrupt 
fall  in  concentration  of  the  circulating  arsenical  than  the figures, 
which  Schreus and Hollaender  (24)  established,  would  indicate  for 
humans. 
TABLE II 
Determinations of Arsenic in the Livers of Blocked and Normal Mice Following the 
Injecffon of Neoarsphenamine* 
(Gutzeit Method) 
Interval 
r~inuZez 
5 
2O 
30 
6O 
It 
120 
Blocked Mice** j  Normal Mice 
Weight of  Neo*** 
Hver  per 0.5 g. of 
tissue 
g.  mg. 
1.80  .23 
1.13  .15 
Neo*** per 
whole organ 
mg. 
•  828 
.339 
Weight of 
Hver 
g. 
1.02 
rN~..5***of [  Neo*** per 
.  pe t~u~  whole org___.._~an 
'  m.33  m.792 
.50  [  1.02 
1.15 
1.37 
3.15 
0.90 
1.12 
1.38 
1.14 
1.00 
.21 
.25 
.20 
.10 
.25 
.10 
trace 
.05 
•483 
•  685 
.26 
.18 
.56 
•276 
.10 
1.07 
0.72 
1.50 
1.60 
1.49 
1.25 
1.12 
1.40 
.43 
.60 
.50 
.30 
.30 
.05 
trace 
•  920 
.864 
1.50 
.96 
1.192 
.75 
.112 
* All animals received i.v.  1 cc. of a 1:250 dilution of noaxsphenamine.  Total 
dose injected: 4 nag. Neo. 
** These  animals  received  i.v.  1 cc. of a  ! :15 dilution  of India ink 24 hours 
before injection of the drug. 
*** The  neoarsphenamine  figures  axe  computed by multiplying  the  arsenic 
values by five.  The brand of neoaxsphenamlne used contained about 20% As. 
In a  third series of experiments the arsenic content of the  liver of 
blocked and normal mice was determined,  following the intravenous 
injection of neoarsphenamine. 
Series III.--A total of 20 animals, which weighed from 20 to 25 grams, received 
a uniform dose of I  cc. of a  1:250 dilution  of the drug.  One half of them were CLAUS W.  JUNGEBLUT -AND BARBARA  R.  McGINN  11 
normal  controls,  the  other half  had  been  blocked by a  preceding intravenous 
injection of India ink (1 cc. of a 1 : 15 dilution).  Duplicate animals in either group 
were killed  at  five,  twenty,  thirty,  sixty,  and  120  minutes,  respectively,  after 
injection  of  the  drug,  and  the  liver,  including  the  gallbladder,  was  carefully 
removed in toto.  After accurately determining the weight of the organ, an aliquot 
portion of the organ (0.5 g.) was finely ground in the mortar.  The organic matter 
in the tissue being destroyed by the usual treatment with boiling H2SO4 and 
HNOa, the arsenic content in the residue was determined by Sanger and Black's 
modification of the Gutzeit  method.  The computed neoarsphenamine figures 
are tabulated in Table II. 
As may be gleaned from Table II the figures show on an  average 
approximately half as much arsenic in  the blocked  liver as  in  the 
normal organ, comparing at similar intervals gram for gram of tissue. 
Limiting our observations to  the first hour we found in  the  whole 
normal liver approximately from one fourth to one fifth of the total 
amount of arsenic injected while the fraction of arsenic present in the 
whole blocked liver has varied from one tenth or less to one fifth of the 
total dose.  Although the number of determinations is small and the 
individual figures show considerable variation, it would seem that the 
maximum concentration of the drug in the liver is established during 
the course of the first hour, after which time there is a  rather rapid 
decline in  the  amounts of arsenic recovered.  Several attempts  to 
measure the arsenic content in the spleen have yielded amounts too 
small  to  be measured accurately with our technique.  Our  results 
have thus failed to bear out Schlossberger's (25) expectations. 
DISCUSSION 
Our findings are in the main in agreement with the experience of 
many authors that blockade of the reticulo-endothelial system leads 
to a slower elimination of "storable" colloids from the blood stream and 
consequently to  a  less  complete impregnation of the retlculo-endo- 
thelial cells with these substances  (for a review of the literature see 
Jungeblut (25)).  As far as the present work is concerned it appears 
that the absorption of neoarsphenamine from the blood stream after 
intravenous injection of  the  drug is  materially  retarded  in  guinea 
pigs which received a single blocking injection of India ink 24 hours 
before,  as compared with normal controls.  This  difference is more 
apparent  at  the earlier intervals following the injection of the drug 12  I~ETICULO-ENDOTHELIAL  SYSTEM  IN  IMMUNITY.  VI 
than at later stages.  The elimination curves  in  the  rabbit show a 
less marked, but nevertheless very regular and  characteristic lag of 
the blocked animal against the normal control.  As far as the final 
residue in  the  circulation after 24 hours is concerned, we have not 
been able to detect any differences with either group of animals. 
The above results harmonize well with the information obtained 
from arsenic determinations in the tissues of blocked and normal mice 
after the intravenous introduction of the same drug.  The facts here 
indicate in brief that  the concentration of neoarsphenamine in  the 
blocked liver is less than one half of the amount present in the normal 
organ, comparing at similar intervals during the first hour's observa- 
tion gram for gram of tissue.  Blockade of the reticulo-endothelial 
system, in other words, alters profoundly the storage and distribution 
of neoarsphenamine, causing shortly after injection of the drug more 
neoarsphenamine to remain in the circulation and less to accumulate 
in the tissues. 
To what extent the observations  made in this paper serve to elucidate 
the mechanism of chemotherapeutic action, is a  question which at 
present can be answered only tentatively.  Those who argue that the 
arsphenamine in  the tissues is negligible for the Chemotherapeutic 
action and accordingly credit the circulating arsphenamine with the 
sterilization  effect  (v. Jancso,  Schlossberger, Wechselmann, Locke- 
mann and Ulrich) will find it difficult to reconcile such an hypothesis 
with the fact that blocked animals, whose blood actually  contains 
larger amounts of the drug, die from the experimental infection while 
normal controls survive  with  much smaller concentrations of arsphena- 
mine in the circulation.  On the other hand, if we are  to  attribute 
causal significance to the process of storage by the tissue cells for the 
chemotherapeutic efficiency of the drug, we are baffled by the recent 
paradox observations of v.  Jancso  (27).  While,  according to  this 
author, among the arsenicals of the arsenobenzene type, those which 
possess a  high degree of tissue affinity, also exhibit the highest try- 
panocidal action, there is no parallelism  demonstrable  between re- 
ticulo-endotheliotropism  and  the  chemotherapeutic  efficiency  as 
regards the action of the various derivatives on spirochaete infections. 
Finally,  the peculiar intervention of the intact reticulo-endothelial 
system is apparently not restricted to the arsenicals,  but governs as CLAUS W.  JUNGEBLUT  AND BARBARA  R.  MCGINN  13 
well the pharmacodynamics of such totally  different substances  as 
Bayer 205 (Germanin). 
While evidently the problem is still far from a perfect solution, we 
feel inclined to  attribute  the impairment of the chemotherapeutic 
efficiency  of the arsphenamines by blockade of the reticulo-endothelial 
system in general to  an  interference with the storage of the drug 
by the histiocytic cells.  Following the indicated trend of thought it 
would seem that the blocked animal is distinctly handicapped in its 
fight against the experimentally produced infections by the initial 
lag of the resorptive power of the liver and possibly by a disturbance 
of the regulative function of the organ for the subsequent release of 
the drug, probably in some modified form.  The composite picture 
of the fate of  the drug in the blocked animal is necessarily incom- 
plete without knowing the effect of blockade on the rate of excretion 
through  the  feces  and  urine;  we  therefore  prefer  to  reserve 
final  judgment  until  such  information  is  available.  Further' 
work will also  have  to  show  whether  increased activity  of  the 
reticulo-endothelial cells, induced by suitable stimulation, might not 
result  in  a  higher  chemotherapeutic effect, an  expectation  which 
would not seem to be altogether ungrounded in view of the fact that 
quite recently  Roskin and Romanowa (28) have been able to show that 
irradiation  of  the  experimental  animal with  ultraviolet  light will 
enhance the chemotherapeutic effect. 
CONCLUSIONS 
1.  Blockade of the reticulo-endothelial system by means of a single 
injection of India ink caused a marked retention of neoarsphenamine 
in the blood of guinea pigs during the first twenty minutes of observa- 
tion after intravenous injection, as contrasted with the rapid disap- 
pearance of the drug from the blood of normal controls. 
2.  Rabbits blocked by a  single dose of India ink showed a slower 
elimination of the drug from the circulation following the first few 
hours after intravenous injection than corresponding controls. 
3.  The arsenic content of the liver of  mice, which received neo- 
arsphenamine intravenously after a preceding blocking injection with 
India ink, was appreciably  lower  than  the arsenic content of the 
normal organ under similar experimental conditions. 14  RETICULO-ENDOTHELIAL  SYSTEM IN  IMMUNITY.  VI 
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